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ABSTRACT
Objectives  Pulmonary disease is a significant cause of 
morbidity and mortality in adults and children, but most of 
the world lacks diagnostic imaging for its assessment. Lung 
ultrasound is a portable, low-cost, and highly accurate imaging 
modality for assessment of pulmonary pathology including 
pneumonia, but its deployment is limited secondary to a lack 
of trained sonographers. In this study, we piloted a low-cost 
lung teleultrasound system in rural Peru during the COVID-19 
pandemic using lung ultrasound volume sweep imaging (VSI) 
that can be operated by an individual without prior ultrasound 
training circumventing many obstacles to ultrasound deployment.
Design  Pilot study.
Setting  Study activities took place in five health centres 
in rural Peru.
Participants  There were 213 participants presenting to 
rural health clinics.
Interventions  Individuals without prior ultrasound 
experience in rural Peru underwent brief training on how to 
use the teleultrasound system and perform lung ultrasound 
VSI. Subsequently, patients attending clinic were scanned 
by these previously ultrasound-naïve operators with the 
teleultrasound system.
Primary and secondary outcome 
measures  Radiologists examined the ultrasound imaging 
to assess its diagnostic value and identify any pathology. 
A random subset of 20% of the scans were analysed for 
inter-reader reliability.
Results  Lung VSI teleultrasound examinations underwent 
detailed analysis by two cardiothoracic attending radiologists. 
Of the examinations, 202 were rated of diagnostic image 
quality (94.8%, 95% CI 90.9% to 97.4%). There was 
91% agreement between radiologists on lung ultrasound 
interpretation among a 20% sample of all examinations 
(κ=0.76, 95% CI 0.53 to 0.98). Radiologists were able to 
identify sequelae of COVID-19 with the predominant finding 
being B-lines.
Conclusion  Lung VSI teleultrasound performed by 
individuals without prior training allowed diagnostic 
imaging of the lungs and identification of sequelae of 
COVID-19 infection. Deployment of lung VSI teleultrasound 
holds potential as a low-cost means to improve access to 
imaging around the world.

INTRODUCTION
The leading cause of childhood mortality 
under 5 years of age is pneumonia.1 Pulmo-
nary disease, in general, is prevalent world-
wide resulting in significant morbidity and 
mortality, but the majority of the world lacks 
medical imaging for its assessment.2–4 Lung 
ultrasound is a highly accurate tool for diag-
nosing pulmonary illness including pneu-
monia, but its deployment is limited by a lack 
of trained sonographers.2 3 5 6 Teleultrasound 
shows great promise in expanding imaging 
access, but the fundamental problem relating 
to a lack of specialists persists.7 8 Volume 
sweep imaging (VSI) circumvents the 
problem of a lack of trained sonographers by 
shifting image acquisition to individuals with 
minimal medical and ultrasound background 
through utilisation of standardised sweeps 
of the ultrasound probe based on external 
body landmarks which are recorded as video 
clips for expert remote interpretation.5 8–11 
VSI can be used for a variety of indications 
including breast, obstetrics, right upper 
quadrant, and thyroid scanning. Specifically, 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Study conducted at multiple health centres in rural 
Peru during the COVID-19 pandemic.

	⇒ Lung teleultrasound examinations performed by 
community members in rural Peru without prior ul-
trasound experience.

	⇒ Lung teleultrasound examinations interpreted with 
standardised reading criteria and two expert cardio-
thoracic radiologists.

	⇒ Future study is needed in populations with more 
diverse respiratory pathology and access to high-
quality reference standards.

	⇒ Future study is needed to assess how teleultrasound 
can affect health outcomes.
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lung ultrasound VSI has been previously tested and 
shown to be highly effective for pulmonary disease detec-
tion including pneumonia.12 Incorporation of lung ultra-
sound VSI with telemedicine therefore offers a new way to 
bring imaging to underserved populations for the evalua-
tion of respiratory diseases.

We hypothesised that lung VSI could be integrated 
into an asynchronous teleultrasound system to increase 
access to medical imaging (figure 1). To test this hypoth-
esis, we deployed asynchronous lung VSI teleultrasound 
to five communities in rural Peru during the COVID-19 
pandemic to test the feasibility of lung ultrasound VSI 
deployment in rural areas. The goal of the study was to eval-
uate the diagnostic imaging quality of the teleultrasound 
studies and the feasibility of telemedicine system imple-
mentation. This basic verification of proof of concept is 
necessary prior to resource-intensive controlled clinical 
trials of VSI teleultrasound compared with standard-of-
care ultrasound and larger scale studies of how VSI teleul-
trasound affects health outcomes.

METHODS
Pilot overview
All study procedures were conducted in accordance 
with the Declaration of Helsinki. Study activities began 

in 2020 in the midst of the COVID-19 pandemic. This 
study was funded and sites of activities chosen by the 
Peruvian mining company Nexa Resources as a service 
to the communities they serve without consideration of 
other factors. These areas were remote regions of Peru 
including in the Andes mountains (online supplemental 
figure 1). At each site, the Peruvian company Medical 
Innovation and Technology trained clinic staff and deliv-
ered the equipment necessary to provide lung VSI teleul-
trasound. Training occurred over the course of a few 
hours. The study team provided the healthcare staff at the 
centres a brief didactic explanation of the teleultrasound 
system. This was followed by hands-on training with the 
ultrasound probe and the VSI protocol. Additional 
training on how to use the teleultrasound system was also 
provided. Typically, mastery of the VSI protocol can be 
obtained in less than 2 hours with extra training time for 
reinforcement and practice.13 Those trained were clinic 
technicians, clinic nurses, or other clinic staff without 
prior ultrasound experience. At each centre, a portable 
Mindray DP-10 (Mindray, China) ultrasound machine 
was used in this study. Imaging was also obtained with a 
convex probe using a lung preset with a frequency of 3.5 
MHz as this can image a range of patients with acceptable 
image quality.5 14 Lung ultrasound imaging can also be 

Figure 1  Lung volume sweep imaging (VSI) teleultrasound system. Illustration of the components of the lung teleultrasound 
system. In this system, individuals without prior ultrasound experience are guided into entering patient clinical history and 
performing the lung VSI protocol via an application installed on a tablet. The tablet sends the imaging and clinical history to a 
cloud accessed by a radiologist to produce a diagnostic report. The diagnostic report is sent back to the tablet to be shared 
with the health centre. Blue arrows represent input of data, and green arrows represent the flow of the diagnostic report. PACS, 
picture archiving and communication system.
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performed with linear and phased array probes, but these 
were not used in the study.

The primary goal of the study was to evaluate the feasi-
bility of VSI lung ultrasound implementation in rural 
areas. To this end, patients attending clinic were offered 
VSI lung teleultrasound examinations for evaluation of 
concerns of pulmonary pathology including COVID-19. 
In addition, willing patients were also scanned asymp-
tomatically for research purposes to assess the teleultra-
sound system image quality and function. Only patients 
who were hemodynamically unstable were excluded 
from scanning. After written informed consent was 
obtained, an individual without prior ultrasound experi-
ence scanned a patient with the lung VSI protocol using 
the teleultrasound system. Ultrasound examinations 
were remotely interpreted by a specialist for assessment 
of image quality and diagnosis of pulmonary disease. 
The reports were sent back to the health centres and 
shared with patients if requested. No changes to the 
study methods were made during the pilot period. The 
sample for this study consisted of patients enrolled over 
the specific time period from November 2020 to June 
2021. A specific sample calculation was not performed as 
we opted to enroll all patients possible during this time 
period. As this study aimed to demonstrate feasibility, the 
highest volume of patients available for analysis was ideal. 
Due to limitations secondary to COVID-19, logistical chal-
lenges, and limited study staff, the number of subjects 
who were asked to participate but declined was unable to 
be recorded. The study team noted that, in general, very 
few patients invited to participate in the study declined. 
All patients enrolled completed a VSI examination, and 
there were no adverse events.

Patient and public involvement
This research was undertaken with the purpose of 
improving access to imaging in rural areas. During our 
study activities, patients actively provided feedback 
regarding the lung teleultrasound system. Similarly, staff 
members at the health centre contributed their feedback 
and were key partners in advancing the study goals. The 
outcomes of this study were specifically chosen to assess 
the efficacy of the teleultrasound system so that its value 
in these communities could be ascertained. Patients and 
the public were otherwise not involved in the specific 
research design of the study. The results of the study will 
be targeted for dissemination to increase the use of lung 
teleultrasound in rural and underserved areas.

Teleultrasound system
The teleultrasound system in this study is shown in 
figure 1. In this system, patients presenting to the clinic 
with concern for pulmonary pathology are scanned by an 
operator using the VSI protocol for lung imaging. Clin-
ical study of lung VSI has shown excellent visualisation of 
pneumonia, pleural effusion, and pulmonary oedema.12 
This imaging technique is shown in figure 2 and involves 
sweeps of the ultrasound probe based on external body 

landmarks over the anterior, lateral, and posterior lungs. 
Acquisitions of each lung field are obtained in the 
transverse and sagittal orientations for redundancy and 
improved diagnostic accuracy.15 Operators are trained to 
maintain firm probe contact and slowly sweep the probe 
over the target region. A training video is provided in 
online supplemental video 1. Individuals, including in 
rural Peru, have been shown to learn this protocol within 
2 hours.13

The sweeps of the ultrasound probe are recorded as 
video clips which are delivered to an expert radiologist for 
interpretation. In normal standard-of-care ultrasound, a 
professional sonographer typically obtains imaging of the 
patient and adjusts the probe positioning and imaging 
settings to optimise imaging. These images and/or 
cine clips acquired by the professional sonographer are 
labelled and sent to the radiologist for interpretation who 
subsequently produces a report. In contradistinction, the 
operator in VSI is only sending a video clip with a blinded 
sweep of the probe over the target region. There is no 
adjustment of the ultrasound settings or tailored examina-
tion to the area of interest. In fact, operators are encour-
aged to perform the ultrasound sweeps without looking 
at the ultrasound screen. Instead, they are encouraged to 
focus on the quality of their sweep by keeping firm probe 
contact with the skin and holding the probe steady.

With an ultrasound machine operating at 30 frames 
per second, a 30 s cine clip of a sweep would contain 
900 individual frames. The interpreting radiologist can 
watch the imaging as a video clip or pan through frame 
by frame similar to a CT scan. The result of performing 
the lung VSI protocol is a complete volumetric acquisi-
tion of each hemithorax. The entire lung is imaged in VSI 
as opposed to targeted approaches that may only image 
the area of interest when a specialist is performing the 
ultrasound. Again, the complete acquisition is necessary 
since the operator in VSI typically does not have medical 
or ultrasound background and does not view the screen. 
Therefore, the interpreting radiologist must be given all 
of the imaging data available of the lungs for interpreta-
tion. This results in a more thorough ultrasound exam-
ination than the Bedside Lung Ultrasound in Emergency 
(BLUE) protocol which has excellent established diag-
nostic accuracy for respiratory disease with only a fraction 
of the anatomical coverage.16 It should be noted that in 
many cases, only a few key frames in the VSI examination 
may be necessary to produce a diagnosis.

The sweeps of the ultrasound probes are saved as 
video clips for remote interpretation by a specialist 
through the use of a tablet. The tablet has an applica-
tion installed called MED4US (Medical Innovation and 
Technology, Peru) which guides the user to input clinic 
data and acquire each step of the VSI protocol. The tablet 
compresses and encrypts imaging data and sends it to a 
cloud for interpretation by a radiologist. The imaging 
report produced by a radiologist is sent back to the tablet. 
The teleultrasound system has been shown to operate at 
low internet speeds around dial-up removing another 
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barrier to imaging access.8 It can also acquire images 
locally without internet connection and upload them 
when internet becomes available. Screenshots of the 
system are shown in figure 3. This system is an asynchro-
nous telemedicine system, meaning that image acquisi-
tions are acquired in the absence of a specialist and saved 
for later interpretation. In contrast, synchronous tele-
medicine requires a high-bandwidth internet connection 
and the participation of a specialist during image acquisi-
tion which may not be available in rural areas. Technical 
details of the system have been previously published.8

Ultrasound examination analysis
All ultrasound scans were interpreted by an expert radiol-
ogist or pulmonologist from Peru. As a special analysis 
which is the main subject of this paper’s content, scans 
were interpreted by two cardiothoracic attending radiol-
ogists in the USA who had access to the clinical history 
through the telemedicine platform. The examinations 
were equally split between the radiologists (one reading 
106 examinations and the other reading 107 examina-
tions). These radiologists interpreted and rated each 

examination sweep by sweep for the presence of A-lines, 
B-lines, consolidation, pleural effusion, and usability. A 
final diagnosis was provided after viewing the entire exam-
ination along with any free text comments regarding the 
examination or image quality. The examinations were 
rated as ‘normal’, ‘borderline’, or ‘abnormal’. A ‘normal’ 
examination had no findings of concern. An ‘abnormal’ 
examination showed findings that were deemed unequiv-
ocally clinically significant and suspicious for significant 
pulmonary pathology. ‘Borderline’ examinations fall 
in the spectrum between normal and abnormal. These 
cases often contained a few scattered B-lines of inde-
terminate clinical significance requiring further moni-
toring. To assess for inter-reader reliability, 20% of each 
reader’s ‘normal’, ‘borderline’, and ‘abnormal’ exam-
inations were randomly assigned to the other reader. 
Any examinations rated as ‘abnormal’ not read by both 
readers after the random 20% sample were also reinter-
preted in a consensus session to ensure agreement on 
abnormal cases. Overall examination image quality was 
rated as ‘diagnostic’, ‘limited’, or ‘non-diagnostic’. The 

Figure 2  Lung volume sweep imaging (VSI) protocol. Poster demonstrating each step of the lung VSI protocol performed in 
this study. Transverse and sagittal orientation scans are acquired in the anterior, lateral, and posterior lung fields. The 12 sweeps 
compose a full volumetric acquisition of the lungs. A-L represent the order the sweeps were performed in this study with sweep 
A being the first step and sweep L being the last step.
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radiologists also assessed sweep speed, inclusion of the 
diaphragm, and probe contact in similar schemes. The 
turnaround time for reports generated in Peru was also 
recorded. The reports of the Peruvian radiologists were 
otherwise not analysed in this study.

Categorical variables are summarised throughout by 
proportions with 95% CIs, while continuous variables are 
summarised as mean and SD. Inter-reader agreement on 
‘normal’, ‘abnormal’, or ‘borderline’ examination for a 
subsample was quantified using Cohen’s kappa. All statis-
tical analyses were performed in MATLAB (R2019b, The 
MathWorks, Natick, Massachusetts).

RESULTS
Individuals without prior ultrasound experience scanned 
213 patients for analysis. Demographics of the patient 
population are shown in online supplemental table 
1. Of these patients, 69% (62.3%–75.2%, n=147/213) 
were female and 31% (24.8%–37.7%, n=66/213) were 
male. The average age of the patients was 42.8±18.2 
years (range: 0–92 years). Report turnaround time for 
the Peruvian radiologist was 18.8±29.3 hours (range: 
2–279 hours). The 279-hour examination represented 
a lost examination in the system that was subsequently 
recovered with staff intervention. Among those scanned, 
56.8% (49.9%–63.6%, n=121/213) were asymptomatic 
and 43.2% (36.4%–50.1%, n=92/213) were reported to 
have at least one symptom. Presenting symptoms reported 
included cough (23.9% (18.4%–30.3%, n=51/213)) and 
feeling generally ill (27.2% (21.4%–33.7%, n=58/213)). 
Many symptomatic patients scanned had a reported 

confirmed case of COVID-19 (30.5% (24.4%–37.2%, 
n=65/213)) or demonstrated clinical history suspicious 
for COVID-19 infection. Vitals were often within normal 
limits among heart rate (72.1±9.31 beats/min (51–114)), 
oxygen saturation (94.2%±3.52% (74–99)), and tempera-
ture (36.5°C±0.546°C (35–39)). Respiratory rate (22.6±7 
breaths/min (16–40)) was slightly elevated on average.

Of the 213 examinations, 202 were of diagnostic quality 
(94.8% (90.9%–97.4%)), and there was only a single 
non-diagnostic examination secondary to a system error. 
Ten examinations were rated of limited imaging quality 
(4.69% (2.27%–8.46%)) and thought to be related to 
body habitus. In perspective, the 213 examinations repre-
sented 2556 sweeps of the ultrasound probe. There were 
18 sweeps with technical errors from the system, repre-
senting 0.7% of all total sweeps. Only one examination 
had technical errors making it non-diagnostic. In the 
rest of the cases, the redundant sweeps allowed adequate 
diagnostic assessment. The most common technical error 
related to the screen recording of a screensaver instead 
of the ultrasound imaging. Subsequently, the ultrasound 
settings were changed to remove the appearance of a 
screensaver. Results of examinations per sweep are shown 
in table 1. The average total combined time of ultrasound 
cine clips was 472 s per examination with a SD of 122 s. All 
examinations were rated as containing overall adequate 
sweep speed, inclusion of the diaphragm, and adequate 
probe contact.

Evaluation of the VSI lung ultrasound examinations 
by expert radiologists showed the vast majority of sweeps 
as diagnostically useful (figure 4). Online supplemental 

Figure 3  Screenshots from the teleultrasound system. (A) Screenshot of the protocol select screen on the tablet. (B) 
Screenshot of the initial screen to enter patient clinical information after selecting the lung protocol. (C) Screenshot of the 
recording screen while obtaining a volume sweep imaging (VSI) cine clip. (D) Screenshot showing the recording screen once 
several VSI clips have been obtained.
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videos 2 and 3 show example VSI cine clips. As the 
majority of patients scanned were asymptomatic, most 
examinations returned with normal results (n=168). Of 
all examinations, n=15 were abnormal and n=29 were 
borderline. Abnormal examinations were thought to be 
related to COVID-19 infection. The predominant finding 
on these examinations was B-lines which is consistent 
with the documented literature on the use of lung ultra-
sound in COVID-19 infection.5 17 In no case of suspected 
or confirmed COVID-19 was there a pleural effusion, 
findings also consistent with the literature.18 Border-
line imaging frequently demonstrated few scattered or 
isolated B-lines which can also be seen in mild COVID-19 
infection or atelectasis but were of questionable clinical 
significance.

There was 90.7% overall agreement between radiol-
ogists on the random 20% sample of lung ultrasound 
examinations (Cohen’s κ=0.76, 95% CI 0.53 to 0.98, 
p<0.0001). This sample represented n=43 cases of which 
there were four disagreements. All of the disagreements 
were related to the use of the borderline category. In two 
of these cases, one reader called the examination normal, 
and the other called the examination borderline. The 
other two cases related to one reader calling the exam-
ination abnormal and the other calling the examination 
borderline. Differences in interpretation were thought to 
represent subjective disagreements in cases which strad-
dled the spectrum between normal and abnormal. In no 
case did readers offer opposite conflicting interpretations 
of normal and abnormal supporting this view. Of the 12 
abnormal examinations not included in the randomised 
20% sample, both readers found the other reader’s inter-
pretation reasonable on consensus analysis.

DISCUSSION
In this study, VSI lung teleultrasound was successfully 
deployed to rural communities in Peru during the 
COVID-19 pandemic. Individuals without prior ultra-
sound training obtained diagnostic images of the lungs 
after only a few hours of training. Despite multiple 
sites studied and previously ultrasound-naïve operators, 
image quality was consistently reported as diagnostic. 
Furthermore, the deployment of this system (including 
turnaround time averaging within 1 day) and the gener-
ation of near universal diagnostic imaging occurred 
in the background of a complicated global pandemic 
posing numerous logistical challenges demonstrating the 
system’s ease of use. For minimal cost, this system could 
be deployed to increase access to imaging throughout 
the world. Considering the substantial morbidity and 
mortality of pulmonary disease and the potential of lung 
ultrasound VSI to assist in the diagnosis and management 
of pulmonary disease, deployment of VSI lung teleultra-
sound could potentially have a significant benefit to the 
health of the global community.

The study was conducted during the COVID-19 
pandemic as an opportunity to study pulmonary disease Ta
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and increase access to imaging. Our expert imaging 
interpreters found abnormal pulmonary findings in 
patients with known or suspected COVID-19 infection. 
The predominant abnormal finding in these cases is the 
presence of B-lines. In the current or future pandemics, 
lung VSI could be employed to both monitor and diag-
nose respiratory disease in remote areas. Evidence has 
already suggested lung ultrasound is an effective test for 
COVID-19 with superior diagnostic performance relative 
to chest X-ray.19–22

Outside of pandemics, the more general use of lung 
VSI teleultrasound involves the evaluation of pneumonia, 
pleural effusion, and pulmonary oedema serving a diag-
nostic function similar to chest X-ray. As with COVID-
19, lung ultrasound is thought to be superior to chest 
X-ray for evaluation of pneumonia, pleural effusion, and 
pulmonary oedema.6 23–27 Patients presenting with asthma 
or mild viral illness should have minimal abnormal find-
ings allowing triage of patients. Like chest X-ray (and 
to a lesser extent CT), lung ultrasound interpretation is 
complicated in some cases by overlapping appearance of 
atelectasis and infection. In these cases, lung ultrasound 
has an additional advantage over chest X-ray since it 
does not expose to radiation and can be repeated at no 
harm to the patient. In cases of severe pulmonary disease 
requiring emergent medical attention, VSI lung teleultra-
sound is expected to provide a definitive diagnosis.

There may be inherent scepticism towards the idea of 
diagnostic images being acquired without a trained sonog-
rapher. Consideration of the theoretical aspects of VSI 
may dispel some doubts regarding this approach. First, 
it is important to note that point-of-care lung ultrasound 

is a well-established imaging technique that individuals 
regularly perform with brief training.28 29 VSI is similar 
to but distinct from a point-of-care approach as the indi-
vidual acquiring the images is not looking at the screen 
but simply performing the necessary standardised probe 
motions for collection of video clips for remote inter-
pretation. One point-of-care lung ultrasound approach 
called the BLUE protocol has been shown to have over 
90% diagnostic accuracy for pulmonary pathology using a 
fraction of the anatomical coverage of lung VSI which, in 
distinction, completely images the anterior, lateral, and 
posterior lungs.16 When comparing the two protocols and 
the established accuracy of the BLUE protocol, it should 
not be surprising that lung VSI has excellent diagnostic 
utility despite the imaging being obtained by an ultra-
sound novice.

Additional public health study will be needed to further 
elucidate how lung VSI can be incorporated into clin-
ical practice in rural or underserved areas. Appropriate 
follow-up and management need to be in place in the 
case of abnormal diagnosis. We speculate that primary 
benefits of VSI would include earlier diagnosis and 
decreased costs for patients. In paediatric populations, 
the use of lung VSI would be preferable to chest X-ray 
in many cases as it does not expose to ionising radiation. 
Ancillary benefits to lung ultrasound implementation 
such as increasing clinic attendance and opportunities 
for vaccination are also possible. These trials will likely 
require intensive resource investments and time. The 
feasibility we have shown in this study with the acceptable 
imaging quality of the teleultrasound system suggests 
that it would be worthwhile to proceed with such testing. 

Figure 4  Example images from lung ultrasound volume sweep imaging (VSI) examinations performed by individuals without 
prior ultrasound experience. (A) Labelled sagittal orientation still image from a VSI sweep with A-lines signifying aerated normal 
lung in a 7-year-old asymptomatic patient. (B) Labelled sagittal orientation still image from the same sweep more inferiorly 
shows the basilar lung. The sweep has been submitted as online supplemental video 2. (C) Labelled transverse orientation still 
image from a VSI sweep with B-lines in a 77-year-old symptomatic patient with confirmed COVID-19 infection. (D) Labelled 
sagittal orientation still image from the same patient. The sagittal sweep has been submitted as online supplemental video 3.
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However, before a large-scale study of VSI is performed to 
study outcomes, a formal clinical trial of standard-of-care 
ultrasound compared with VSI in a rural setting may be 
considered as an intermediary step.

Limitations of VSI are important to acknowledge. Like 
other ultrasound examinations, VSI can be limited by 
patient body habitus especially since the operator is not 
adjusting settings to compensate for suboptimal image 
quality. The few examinations of limited image quality 
in this study were thought to relate to issues of body 
habitus. In addition, experienced sonographers can tailor 
an examination to an area of suspected pathology, but 
the motions in VSI are standardised limiting the exam-
ination to the available images obtained by the protocol. 
Although these are important limitations to note, it is 
also important to realise the alternative to a VSI exam-
ination in many situations is likely no imaging at all. In a 
previous study, the images obtained by the standardised 
VSI protocol were sufficient to allow diagnosis in all cases 
even without tailoring the examination to an abnormal 
finding.12 Additionally, even suboptimal imaging still can 
provide useful clinical information. Furthermore, VSI 
examinations can be repeated at minimal cost as many 
times as necessary in cases of suboptimal imaging.

A limitation of this study was the radiologist’s interpre-
tation of the VSI study without a reference standard for 
comparison. To partially address this, we performed a 
specific analysis assessing inter-reader agreement. Future 
studies in this setting should ideally try to incorporate a 
reference standard although this will not always readily 
be available. Previously, we demonstrated high lung ultra-
sound VSI agreement to standard-of-care chest X-ray in a 
USA-based hospital setting.12 It is expected these results 
would apply in rural areas, but independent verification 
will still be important if possible. Also, as this was a time-
sensitive pilot study based on convenience sampling, 
formal sample size calculations were not performed prior 
to opening the study. There is therefore the possibility 
that the reported results may not accurately reflect the 
characteristics of the underlying sample. However, 95% 
CIs are included throughout in order to reflect the 
ranges of estimated population values. Ultimately, the 
main goal of this study was to establish feasibility of the 
approach. Radiologists overwhelmingly rated the VSI 
imaging as diagnostic which addressed our study ques-
tion sufficiently. Additionally, it will be important to test 
the protocol’s performance in rural areas outside of 
the pulmonary pathology seen secondary to COVID-19. 
Future studies should also deploy the protocol into areas 
with high prevalence of pneumonia or other respiratory 
illness. Consideration can also be made to integrating VSI 
with artificial intelligence to allow for automatic diagnosis 
without a sonographer or radiologist.30–36

CONCLUSION
Most of the individuals in the world are thought to lack 
access to diagnostic imaging. In this study, we piloted the 

use of a low-cost lung VSI teleultrasound system that can 
be operated by an individual without prior ultrasound 
experience after a few hours of training which could 
help increase access to imaging in populations with the 
greatest need. Despite the logistical challenges posed by a 
complicated global pandemic, the system was still success-
fully deployed at five sites in rural Peru with turnaround 
times averaging within 24 hours and 95% examinations of 
diagnostic imaging quality. Radiologists were also able to 
identify sequelae of COVID-19 infection with high inter-
reader reliability. As lung ultrasound is an established 
imaging technique with high diagnostic accuracy for 
respiratory illness, lung VSI teleultrasound could bring a 
powerful diagnostic tool to millions who would otherwise 
have limited access to imaging.
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Supplemental Table 1. Baseline demographic characteristics of the population. Categorical 

variables are summarised throughout by proportions with 95% confidence intervals, while 

continuous variables are summarised as mean +/- standard deviation (range). 

Location Ancash - Conchucos 1.88% (0.514-4.74%, 

n=4/213) 

Ancash - Pampas 25.8% (20.1-32.2%, 

n=55/213) 

Cerro de Pasco - San Juan de 

Milpo 

21.1% (15.8-27.2%, 

n=45/213) 

Cerrro de Pasco - Ticlacayán 32.4% (26.2-39.1%, 

n=69/213) 

Ica - Chavín 18.8% (13.8-24.7%, 

n=40/213) 

Sex Female 69% (62.3-75.2%, 

n=147/213) 

Male 31% (24.8-37.7%, 

n=66/213) 

Age (years) 
 

42.8+/-18.2 (0-92) 

Heart Rate (beats per minute) 
 

72.1+/-9.31 (51-114) 

Respiratory Rate (breaths per minute) 
 

22.6+/-7 (16-40) 

Oxygen Saturation (%) 
 

94.2+/-3.52 (74-99) 

Temperature (°C) 
 

36.5+/-0.546 (35-39) 
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Symptoms Present No 56.8% (49.9-63.6%, 

n=121/213) 

Yes 43.2% (36.4-50.1%, 

n=92/213) 

Cough No 76.1% (69.7-81.6%, 

n=162/213) 

Yes 23.9% (18.4-30.3%, 

n=51/213) 

Feeling Ill No 72.8% (66.3-78.6%, 

n=155/213) 

Yes 27.2% (21.4-33.7%, 

n=58/213) 
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